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PROJECT BACKGROUND

The reent 2019 Museum Fire has burned significant portionstioé Spruce Avenue Waskwvatershed,
increasing the potential for high peak runoff and extended water yieltdsan has previously been
experienced.

The Kroneberger residence at 1355 Cliffrose Dimas been identified as imperiled by potential flooding
from the burned watershed due to its location with what has been identified as a tributary channel to the
Spruce Avenue Wash. The existing residence straddles a small valley that had been arcliaateleof

the watershegrior to the fireand is situated at the downstream end of a relatively deep local depassion

In the event that stormwater runoff begins to flow through the valley, the house will become flooded as the
depression fills wh water. The volume of potential stormwater runoff from the upstream watershed is far
greater than could be retainagthin the existing depression area and once filled, will continue around or
through the house and continue downstream through the Madert Estates neighborhood.

The property owners intend tmnstructan earthen berm tioelp block stormwater runoffom flooding their
home. The construction of the berm is based upon a coelesaptdrawingdevelopedby Natural Channel
Design Inc. duing the process of exploringarious mitigation alternatives for the Mount Elden Estates
neighborhoodas part of a ongoingcontract with Coconino County Flood Control Distf@CFCD) 1t is
understood that the property owners have retainkdoavledgelle contractorand intendto construct the
bermwithout furtherformal designor the development ofully engineeredlans and specifications.

It is understood thaCoconino Countyequires an analysis of the effects of the berm to demonstrate no
adverg impact to downstream properties in order to issue a grading permit for the Deisrreport provides

the results of limited hydraulic modelling of several potential storm events that CCFCD is using to evaluate
overall flood risks top the neighborhoodllbwing the Museum Fire. Those storms being monggpa

events that result in 1 inches, 2 inches and 3 inches of rainfall across the entire watershed in a one hour period
of time.

PROJECT OBJECTIVES

The proposed berm is intended to provédevel of protection againghe flooding that mayoccuras a result

of the Museum Fire The berm will not be fully engineeredowever,a well compacted berm of screened
material(3 inch minus) may hold back floodwaters from immediately reaching the resideogeeprthat it

is constructed high enough to not be overtopped by those flood flows. Further, the nature of the underlying
native soils is not known and the ability or speed for impounded water to seep through the subgrade or
through the berm itself canhbe known without formal geotechnical testing and analysis. However, as an
emergency measure, the berm may allow time for the homeowner to pump any impounded water that
accumulates behind it before it is compromised by seepage.

This hydaulic analysids intended to quantifghanges talownstreanflooding that may occur due to the
placementof the bermwithin the existing depression aredhat depressionwithin which the residence is
partially locatedacts as atormwateretention basin anthay provde a small amount oattenuative effects
to flood flow for propertiesdownstream of the siteThe construction of the berm will redutiee volume of
water that can be retaineaid thereforenay reduce those attenuative effectBne analysis will also mvide
information relative to the height of berm necessary to protecKroneberger residenegainst the three
different storm events evaluated.

Natural Channel Design, Inc. 1 June 2020
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PROJECT LOCATION

The project area is located appimately three miles north ofoswntown Flagstaff, andithin the Mt. Elden
Estates subdivisioim Coconino County, Arizona (Figure.1The project idocated on APN 30@8-016S at

1355 Cliffrose Lane on a tributary chanmdlthe Spruce Avenue WashParcels within the Mount Elden
Estates neighborhoodrea approximately 2.5 acres in size of rectangular shapes in various width/length
dimensions.
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Figure 1. Location Map

Museum Fire bundary shown in greerMain stem of Spruce Avenue Wash headwaters
shown in red. Mount Elddastates neighborhood shown in lower left with the subject
property located in the northeastern portions of the neighborhood.

Natural Channel Design, Inc. 2 June 2020
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ANALYSIS

EXISTING AND PROPOSEDTOPOGRAPHY

Topographic informatioffior the area of concemvasextractedrom a DEM modehs awailable fromthe City

of Flagstaff based upon recent (within past 10 years) LIDAR dakas data was supplemented with limited
field surveydataas provided by the Coconino County Public Worlédditional data included thinished
floor elevationf the structures on theubjectproperty as well as thosé the residence odownstreanAPN
110-01-010 (Nicoletti Residence 4725 N Morning Glory).

The subject propertfAPN 30048-0169 is located within and upland tributary valley of the Spruce Avenue
Wash. This small valley is the westerly of two main tributary arms that form the headwaters of the wash.
The two tributaries converge at a location approximately 400 feet downstream of the residence on the
property. The valley upstream of the resideisccharacterizet by an undulating surface with specifically

defined continuouschamel. Various dpressional aredbat extend across upstream properties exist that, in a
stormwater runoff event, will each fill prior to the flow then continuing doadtey.

Figure 2 - Tributary Valleys of Spruce
Avenue Wash

The subject property is situatedthre west
(left) valley above the confluence with the
east (right) valley.

Downstream Parc
(L5%110-01-010

The subject residence is located at the downstream end of one of the larger depressional areas, with the lower
floor situated below the elevation at which flows would begin to overtop the depression and continue
downstream. As suchnwflow event that reaches the depression will flood the lower level of the residence.

Natural Channel Design, Inc. 3 June 2020
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Figure3 belowshowsthe existing depressiam theupstreansideof the residence.

,\“l

xisting Depressional Areags

*

Figure 3 - Topography at Upstream Side of Residence at APN 300-48-016S

Two versions of the site topography were used as the underlying terrain for the hydraulic analysis. The first
versionbeing that of the unmodified, existing surfaoel thesecondversionbeingmodified to include a
approximation of the proposéerm situatedon the upstream side of the residentie two versions of the
topography are illustrated the topographic relief map$ Bigure4 below.

Proposed
Overflow Area
Estimated Size

Figure 4 - Proposed Condition (left) vs. Existing Topography (right)
The proposed condition on the left shows the proposed berm rising from the bottom of the depression area just upsthearseof the
Additionally, it is assuntkthat some grading will occur on the north and west side of the berm to provide conveyance of flows from
the ponded area, around the berm and to the downstream side of the residence.

Natural Channel Design, Inc. 4 June 2020
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HYDROLOGY

NCD did not perform any hydrologic analysis for this projeRather, hydrdogic data wagprovided to NCD

by the Coconino County Flood Control Distriets available from previous studies performed by JE Fuller
Hydrology and Geomorphology Those studiesre relative to an ongoing Museum Fire Flood Mitigation

effort for the broader Mount Elden Estates neighborhood. In August, 2019 during the emergency response to
the fire and in preparatiodf postfire flooding, aFLO-2D® modelfor the burn area wagreparedby JE

Fuller Hydrology and Geomorpholodgr the Cocaino County Flood Control DistrictEstimated posburn

flows coming into and through the project area were developed logeadainfall scenarios that would
produceone, two and thremches of rain ina onehour duration storm evenhdheentirewateshed

While monsoon stormis the southwestern Uipically produce intense rainfall cells of limited area and may
or maynot cover the entire seven square mile watershed of the Museuat Bimg one timethe hydrologic
models provide a range of podsilpeak flows that for hydraulic analysis and comparisétydrographs for
those three storm eventereprovided to NCD for use in the limited hydraulic model specific to this project.

For a means of comparison, the peak flows from those three hydnegreg summarized ihable1 below.

Two hydrographs for two separate tributary channels were input into the hydraulic model due to the two legs
of the wash combining just downstream of the subject parcel. To fully capture ttailiydnpacts of the

berm to downstream areas, both hydrographs have to be considdyeldograph 1 references the flow
arriving at the upstream side of the Kroneberger parcel. Hydrograph 2 references the flow arriving at the
upstream side of the Fallé?ine/Morning Glory intersectionBoth hydrographs combine within the parcel
(APN 11001-010) located adjacent to and downstream of the subject paftel.arrival time is the time as
measured from the beginning of tht®rm event.

Table 1 - Hydrologic Summary

Storm Event Hydrograph 1 Arrival Time Hydrograph 2 Arrival Time
(Total Rainfall Depth) (cfs) (hr:min) (cfs) (hr:min)
linch 116.4 1:16 147.9 1:40
2 inch 597.6 0:44 745.7 1.02
3inch 1632.4 0:48 1611.3 0:48
HYDRAULICS

Hydraulic Model

HEC-RAS v5.0.7as available from the Army Corps of Engineers (USACE) was used to modietebfood
eventscenarioghrough the subjedarea, including the subject parcel and the two downstream paiidals.
software was chosen for itpeed of processing large and complex floodplain systardgelative simplicity
of modeling compared to other 2D modeling software.

The existing and witkbermmodebk aresimilar toand builtfrom another HEERAS 2D modelhat is part of
anongoing anaysis for the larger Mount Elden Estates Flood Mitigation project being conducted by CCFCD
and JE Fuller The models incorporate the LIiDAR topography and gremssed survey data that was
provided to NCD as well as the hydrographs as described above.

The HEC-RAS model wagonfiguredusing5 foot grid cells as a default size with smaller grid cells created
where additional detail was needed to define the belnannelor other miscellaneous featurelsand cover
roughness orwer baat hOBnogedland/far@sted areas and 0.04 for roads and driveways

Natural Channel Design, Inc. 5 June 2020
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Model Results

The results of the hydraulic modellimgdicateonly minor differences in downstream flaod between the
existing conditiorand theproposedcondition with theberm. The area of downstream inundation are nearly
indistinguishable between the existing and proposed condition moddisps of the modelled flood
inundations area are included within Appendix A of this report. Calculated wateice elevationsere
extractedfrom the modelwithin the user interface of the softwaard are summarized Table 2 below for
key locationsof interest.

Table 2 - Flood Elevation Summary; Existing Condition vs. Proposed Condition w/Berm
Water Surface Elevation (feet)

Location 10 Stor 20 Stor 30 Stor
Existing | Proposed| Existing | Proposed| Existing | Proposed
NW Corner Kroneberger Garage | 7455 g2 ; 7183.83 | 7181.92 | 7184.00 | 7184.00

(Garaga-F=7182.1)
NE Corner Kroneberger Barn

717532 | 717533 | 7176.31 | 7176.25 | 7177.49 | 7177.49

(FF=7174.9
gy gy O Nicolett Residence | 7159.58 | 715065 | 716057 | 716061 | 716211 | 71621
oy oy Ot Neoleti Residence | 715865 | 7158.73 | 7150.33 | 715940 | 7160.34 | 7160.34

It should be nad that statistically, the 1, 2 and 3 inches/hour storm events have recurrence ititatfalls
between the 2 to,25to 50and200to 500year storm events, respectively (per data that can be found on the
NOAA Atlas 14 websitdttps://hdsc.nws.noaa.gddsc/pfds/pfds_map_cont.himl

As can be seen by the summary table above and the maps provided within Appendig i, bdifference

in the flow paths on downstream properties resulting from the berm construction. Additionally, there is no
significant change ithe inundationareaswhere floodingalreadyoccursand no significant changes fiood
elevationsbetweenthe existing conditiomnd that with a bermWith or without the berm,léod flows pass

on both sides othe existing horse barn, judbwnstream of the residence on the subject partgpasson

both sides ofheresidence on thHicoletti parce| downstream of thproject.

Analysis ofpeakwater surface elevations at specific points of inteshstvsminor increaseggenerallyless
than0.1 feet downstream andfdhe subject property. However, thosereases do not result tnchange of
condition thatcreates nevilooding ofthe finished floor of the structures during the 1 inch and 2 inch storms.
During the 3 inch storm event (6@ year storm) as modelled, the Nicoletti parcel is shown to be have
flooding depthggreaterthan the finished floor ofhat residence However,the model shows that the berm
makes no difference in that flooding extent or depth during that storm elvestitould also be noted that the
2D modes of the existing and proposed conditionsndb account for the concrete barriers and sandbags that
have been placed along the north side of the Nicoletti residekesuch, i is likely that some the flooding
shown to be passing behind the residemndk be deflected toward the street side (Fallen Pine and Morning
Glory) of the house.

Though not directly applicable to the Museum Fire flood mitigation,Gbeonino CountyFlood Control
Distictadopt ed as & NlompAadowter Cri teri ao frelated to the 20dGhutiz t i gat i
Fire/Flood north of Flagstaff. Relative to flooding depthat criteriondefined acceptable increases in flood

deptls asless than 0.1 fodor the 5 year storm everd.5 footfor the 10 year event aridfoot for the 100

year event. The increases in calculated flood depths, as modelled, essentially match that criteria for no
adverse impact to downstream properties.

Natural Channel Design, Inc. 6 June 2020
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Relative to thebeneficialimpact of the berm on the Kronergerparcel, the modealoes show that thiewer

level of theresidencecan realize flood protection forup to the2 inch rainfall event(see Flood Map
Appendices)if constructed with a top elevation 8186.4 (vs upper floor FF=7185.83). For protectiofy

up to the 1 inch event, the berm would need tadigstructed with a top elevation of no less than 7184.0.
Additionally, any eastvest oriented berm that is constructed should also have an exteosibwardfrom

its west end that connects to thergge(SeeFigure5) so as to prevent the flows from passing around the end

of the berm andhenback into the depressiontigen the berm antthe house. Additionally, to increase the
conveyance of flows around the berm, the madsumes that a 24 ft wide swale can be constructed to
provide positive fall from the spill point of the depressional area to the downstream/downslope areas south of
the residence.

o
N
&
.&-4&
SN
V& Top of Bern¥7186.4

%,

Wrap Around Berm

Residence
Upper Floor FF=7185.83

Garage

Figure 57 Model Terrain Detail of Berm Configuration
APN 30048-016S

Some of the berm and swale construction as depictéihure 5 assumes grading on parcels and/or within
access easements adjacent to the Kronebergers. It is understood that the necessagg clednpeenissions
have been or will be garnered by the Kebergers to accomplish aoff-lot grading as necessary.

CONCLUSION

Based upon our analysis and modelling of the hydraulics in the areas immediately upstream and downstream
of the proposed preft, we believe that the construction of the berm with have no adverse floogiacs o

adjacent properties. Generalliis analysis shows thamcreases in flooding depth downstream of the
project are less than 0.1 feeAdditionally, the model shosvthatscale ofimpacts to downstream flooding
decreases with increasing storm magnitude to the extendtieig the 3 inch storm event, there is no
quantifiabledifference between the existing and proposed conditions.
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